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Executive functions and emotion regulation in obesity and eating disorders
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Resumen
Introducción: los trastornos de la conducta alimentaria (TCA) como la anorexia nerviosa (AN) o la bulimia nerviosa (BN), así como la obesidad 
(OB), se relacionan con alteraciones neuropsicológicas en fl exibilidad cognitiva, coherencia central, toma de decisiones y alteraciones emocionales. 
Sin embargo, se desconoce la asociación entre regulación emocional, variables neuropsicológicas y variables de afecto.
Objetivos: analizar si variables neuropsicológicas y afectivas pueden predecir la regulación emocional en los TCA y en la OB.
Métodos: se evaluó a 30 mujeres con TCA restrictivo (AN restrictiva), 18 con TCA purgativo (AN purgativa y BN), 33 OB y 39 controles sanas 
emparejadas por nivel intelectual. El Wisconsin Card Sorting Test (WCST) evaluó la fl exibilidad cognitiva; el Group Embedded Figures Test (GEFT), 
la coherencia central; el Iowa Gambling Task (IGT), la toma de decisiones; el Positive and Negative Affect Schedule, el afecto positivo (PANAS-PA) 
y negativo (PANAS-NA); y la Diffi culties in Emotion Regulation Scale (DERS), la regulación emocional. 
Resultados: respecto al grupo control, los grupos TCA y OB rindieron peor en IGT (p = 0,002) y GEFT (p = 0,003) y presentaron menores 
puntuaciones en PANAS-PA (p = 0,001) y mayores en DERS (p < 0,001). Los grupos TCA puntuaron más alto en PANAS-NA que los grupos OB 
y control (p = 0,001). El 51,4% de la varianza del DERS fue explicado por PANAS-PA, PANAS-NA e IGT (p < 0,001). 
Conclusiones: nuestro estudio muestra una asociación entre toma de decisiones y afecto con regulación emocional en el continuo de AN a OB 







Introduction: eating disorders (ED) such as anorexia nervosa (AN) or bulimia nervosa (BN), as well as obesity (OB), are related to emotional and 
neuropsychological impairments on measures of cognitive fl exibility, central coherence or decision making. 
However, little is known about the association among emotional regulation, neuropsychological variables and affect. 
Objectives: to analyze whether neuropsychological and affect variables can predict emotional regulation in ED and in OB. 
Methods: thirty females with restricting ED (restricting AN) were assessed, 18 with purging ED (purging AN and BN), 33 with OB and 39 healthy 
controls matched for intelligence. The Wisconsin Card Sorting Test (WCST) assessed cognitive fl exibility, the Group Embedded Figures Test (GEFT) 
assessed central coherence, the Iowa Gambling Task (IGT) assessed decision making, the Positive and Negative Affect Schedule assessed positive 
(PANAS-PA) and negative (PANAS-NA) affect, and the Diffi culties in Emotion Regulation Scale (DERS) assessed emotional regulation. 
Results: relative to the healthy control group, ED and OB groups performed worse on IGT (p = 0.002) and GEFT (p = 0.003), had lower scores 
on PANAS-PA (p = 0.001) and higher scores on DERS (p < 0.001). ED groups had higher scores on PANAS-NA tan both OB and healthy controls 
(p = 0.001). PANAS-PA, PANAS-NA and IGT accounted for 51.4% of the variance of the DERS (p < 0.001). 
Conclusions: our study shows a signifi cant association between decision making, affect and emotional regulation in the continuum from AN to 
OB, and also highlights the importance of including programs focused on decision making and affect in cognitive interventions for ED and OB. 
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INTRODUCTION
Pathological eating behaviors such as restrained eating, over-
eating, or binge eating are a complex phenomenon where multiple 
factors intervene. Recent research has hypothesized that in eating 
disorders (ED), mainly in the restricting-type anorexia nervosa (AN), 
pathological eating behaviors can be explained by a model of uncon-
trolled behavior regulated by an aberrant reward system, a theory 
applied to explain obesity (OB) as an addiction to food (1). The fact 
that restrained eating is rewarding is indicated by the persistence of 
dieting to the point of starvation and emaciation, experiences that 
are seen by patients as positive due to a sense of dominance over 
hunger and weight or the alleviation of negative affect (2).
Negative emotions are a correlate and unique predictor of 
self-reported emotional eating urges and binge eating in non-clin-
ical and clinical populations (3). The affect regulation model 
postulates that negative affect triggers emotional eating, which 
provides a temporary distraction, emotional numbing, or a sense 
of comfort, but in the long term this strategy interferes with the 
ability to learn and implement adaptive strategies for coping with 
negative emotions (4,5). 
Emotional regulation and the approach or inhibited behavior 
processes are probably associated with the role of executive func-
tions in supervising and regulating eating patterns, but patients 
with weight and eating-related problems also seem to have exec-
utive function difficulties. These patients make wrong decisions 
when they have to choose whether or not to eat, which food 
to eat, and how much to eat. Previous research has found that 
patients with ED or obesity perform worse than healthy controls on 
tasks assessing decision-making (6). Performance on these tasks 
is characterized by making decisions based on the short-term 
consequences (for example, relief of anxiety), despite long-term 
negative consequences, and by not learning from previous deci-
sions to modify current behavior (7-9). Patients with ED or obesity 
also show impaired set-shifting abilities (9-11), with difficulties 
in modifying their behavior and cognition in order to adapt to a 
changing environment. Difficulties in set-shifting are manifested 
as a tendency to solve problems rigidly and perform inflexible 
routines, in perseverative behaviors fixated on specific rules (12), 
and in the perseveration of restrictive and/or bingeing or purgative 
behaviors, despite the problems involved and the risks to their 
physical and psychosocial health. 
The cognitive profile of individuals with obesity is similar to that 
of patients with bulimia nervosa (BN), with set-shifting impair-
ments being related to perseveration in the use of methods that 
are ineffective in losing weight (13). Another finding related to the 
executive functions in ED is a deficit in central coherence, specif-
ically, weak central coherence (the tendency to focus excessively 
on details, with difficulties in integrating elements appropriately 
in their context) (14). This profile is more evident in patients with 
AN-restricting type, who show superior detail-focused processing 
(15,16). This finding is also present in weight-recovered patients 
with AN (17). Conversely, patients with binge/purge symptomatol-
ogy (e.g., BN or binge eating disorder [BED]) show impairments in 
global integration (7,15,16,18). Although central coherence has 
been addressed less frequently in obesity, studies suggest that 
patients with obesity or BED show preferences for global pro-
cessing (7).
In order to analyze both neuropsychological and emotional 
variables in patients with ED and patients with obesity, this work 
was carried out with three main objectives: first, to compare 
performance on neuropsychological tests measuring executive 
functioning; second, to compare affect and emotional regulation; 
and third, to analyze the ability of affect and neuropsychological 
variables to predict emotional regulation.
METHODS
PARTICIPANTS
The clinical sample included 81 patients recruited at three hos-
pitals and health centers from (BLINDED), and 39 healthy partici-
pants (HCG) with normal weight (BMI 20-24.9) and no mental dis-
order, recruited from the general population. Thirty-three patients 
suffered from obesity (OB group), and 48 were patients with ED 
according to the DSM-5 (19). A panel of psychiatrists and clinical 
psychologists with expertise in ED assessed diagnostic criteria 
using the SCID-I (20), as well as inclusion and exclusion criteria 
at each recruitment site. Patients with ED were included if they: a) 
were females; b) were aged between 16-60 years; and c) had a 
diagnosis of any type of ED. Exclusion criteria for healthy controls, 
patients with ED and patients with OB were intelligence quotient 
(IQ) scores ≤ 85, presence of drug or alcohol abuse/dependence, 
a severe mental disorder (e.g., schizophrenia), a history of head 
injury, neurological disease, neuropsychiatric disorders, and hear-
ing or visual impairment. An additional exclusion criterion for the 
ED participants was having a BMI above 30, so that BED comor-
bidity with obesity was ruled out. Obese patients with a current 
or lifetime diagnosis of an ED were excluded. 
From a pool of 163 participants, one was excluded because 
of IQ scores lower than 85. Forty-two participants were excluded 
because of missing data, so eventually data were analyzed for 120 
participants. There were 16 patients with AN-restricting type, four 
with AN-binge eating/purging type, eight with BN-purging type, 
14 with other specified eating disorder (OSED-AN type), and six 
with other specified eating disorder (OSED-BN type). To simplify 
the composition of the analysis of the patient groups, and based 
on studies interested in the difference in the neuropsychological 
profile of restrictive/binge-purge symptomatology (7,11,21), par-
ticipants with ED were divided into two groups. The “restricting 
group” (RG) included 30 patients (AN-restricting type or OSED-
AN type), whereas the “bingeing/purging group” (BPG) included 
18 patients (AN-binge eating/purging type, BN-purging type, or 
OSED-BN type). 
The distribution of missing data was completely at random 
(c2 [44] = 48.31, p = 0.303) according to the Little’s Missing 
Completely At Random test (22), and there were no significant 
differences between included and excluded participants in any of 
the variables (p’s > 257, data not shown).
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MEASURES
Cognitive flexibility and control of impulsive responses were 
assessed with a computerized version of the Wisconsin Card Sorting 
Test (WSCT) (23). Four stimulus cards with different symbols (which 
differ in color, number or shape) are presented on the computer 
screen. Participants are instructed to match a response card with 
one of the four stimulus cards according to a criterion. Participants 
are given feedback after each response about whether the match 
is right or wrong. Matching criteria are changed after ten correct 
responses. The test ends when all 128 response cards have been 
presented. Different scores can be calculated. In this study, the 
three most widely used indexes were calculated: ‘‘total categories 
completed’’, ‘‘perseverative errors’’, and ‘‘the total number of errors’’.
Decision-making ability was assessed by a computerized ver-
sion of the Iowa Gambling Task (IGT) (24). This instrument was 
designed to assess risk preferences by simulating real-life deci-
sion-making using uncertainty, rewards, and punishment. The goal 
of the task is to win as much money as possible by choosing 
cards from four decks. Two decks (A and B) are disadvantageous 
or high-risk decks, which provide high immediate gain, but larger 
future losses. The other two decks (C and D) are advantageous 
or low-risk decks, which provide less immediate gain, but smaller 
future losses. The task consists of 100 choices divided into five 
blocks of 20 choices each, and provides a global score and a 
score for each block, making it possible to observe whether the 
participant learns throughout the task.
Central coherence was assessed by the Group Embedded Figures 
Test (GEFT) (25), a task assessing the tendency to focus on details 
or to pay attention to the whole. The task includes 25 items divided 
into three sections. The first section is used for practice. The second 
and third sections include nine items each during five minutes. Par-
ticipants are to locate a simple figure hidden within a complex figure. 
Following the instructions provided in the manual, the simple and 
complex figures were not presented simultaneously. The scoring is 
the sum of the correct guesses (maximum 18) from sections 2 and 3.
Pre-morbid intelligence was assessed with the Spanish version of 
the Kaufman Brief Intelligence Test (K-BIT) (26), which provides a ver-
bal IQ, a non-verbal IQ, and a total IQ with a mean of 100 (SD = 15).
The Positive and Negative Affect Schedule (PANAS) (27) is a 
self-report scale that assesses general positive (e.g., interested) 
and negative (e.g., guilty) mood states. The 20 items are rat-
ed on five-point Likert-type scales (ranging from 1-not at all, 
to 5-extremely). In the present study, Cronbach’s α values for 
PANAS-PA and PANAS-NA were 0.89 and 0.91, respectively. 
Emotion regulation was assessed with the Spanish adaptationz 
of the Difficulties in Emotion Regulation Scale (DERS) (28,29). This 
scale includes 28 five-point Likert-type items for measuring the 
frequency of multiple dimensions of emotional regulation such 
as emotional understanding and clarity, and behavioral control. 
As the Spanish version gave one subscale less than the original 
version, the total score was analyzed to increase comparability. 
The Spanish DERS version has shown good validity and reliability 
for Spanish adult populations (30). Higher scores on the DERS 
indicate a higher frequency of emotion dysregulation. 
PROCEDURE
Clinical participants were consecutively referred to their respec-
tive health service units. Participants in the healthy group were 
recruited from under/post graduate courses at the University of 
(BLINDED) and by word-of-mouth. Participants included in this 
study completed the assessment in individual sessions. All partic-
ipants gave written signed informed consent, and in accordance 
with the Declaration of Helsinki of 1975 as revised in 1983, the 
Ethics Committee of all the institutions involved in the project 
approved the study.
STATISTICAL ANALYSIS
Differences between groups in continuous variables were ana-
lyzed with separate one-way ANCOVAs with age as covariate. Dif-
ferences in the WCST variables were analyzed with a multivariate 
ANCOVA due to the intercorrelations between variables. Tukey’s 
tests were used for post-hoc analyses. Effect sizes were assessed 
with partial eta-square (h2
p
), with values of 0.009, 0.058 and 
0.138 indicating small, medium and large effect sizes respectively 
(Richardson, 2011).
The effects of IGT, WCST, GEFT, PANAS and age on DERS were 
analyzed with a stepwise linear regression. The linear regression 
provides a percent of explained variance of the criterion (R2) and 
a beta coefficient with an associated p-value for each predictor. 
Assumptions of normality, linearity and homocedasticity of the 
residuals were examined with residual scatterplots (Tabachnick 
and Fidell, 2013). Significance was set at 0.01 after applying 
the false discovery rate (Narum, 2006) for 95 comparisons. This 
correction did not include the regression analysis, in which prob-
ability in = 0.05 and probability out = 0.10 were used. Statistical 
analyses were performed with SPSS v.22.
RESULTS
DEMOGRAPHICS
Groups differed significantly in age (F = 26.56, p < 0.001) and 
BMI (F = 135.14, p < 0.001), but not in IQ (F = 1.98, p = 0.12). 
The OB group was significantly older than all the groups, and the 
HC group was older than the RG (Table I). The same results were 
found for BMI, as expected. 
NEUROPSYCHOLOGICAL AND EMOTIONAL 
VARIABLES
The MANCOVA showed non-significant differences among 
groups (Pillais’ trace = 0.061, F[9,345] = 0.80, p = 0.617, 
η2
 
= 0.02) on the WCST variables. ANCOVA showed significant dif-
ferences between groups on the IGT total score (F[3,115] = 5.37, 
p = 0.002, η2
p
 = 0.12) and the GEFT (F[3,115] = 4.85, p = 0.003, 




 = 0.11). All the clinical groups performed worse than the HCG 
group on the IGT and the GEFT (Table II). 
Statistically significant differences were found between groups 
in PANAS-PA (F[3,115] = 5.89, p = 0.001, η2
p
 = 0.13) and 
PANAS-NA (F[3,115] = 13.26, p < 0.001, η2
p
 = 0.26), with both 
ED and OB groups scoring significantly lower in PANAS-PA, and 
both ED groups scoring higher in PANAS-NA compared to HCG 
and OB groups. Significant differences were also found between 
groups in DERS total score (F(3,115) = 18.03, p < 0.001, η2
p
 = 
0.32), with both ED groups and OB groups obtaining higher scores 
relative to the HCG, and with the BPG obtaining higher scores 
compared to OB group. 
REGRESSION ANALYSIS
The model predicting DERS was significant (F = 40.88, 
p < 0.001), with PANAS-PA (b = -0.803, p = 0.001), PANAS-
NA (b = 1.16, p < 0.001) and IGT (b = -0.152, p = 0.025) 
accounting for 51.4% of the variance. Assumptions of normality, 
linearity and homocedasticity were deemed to be met according 
to the residual scatterplot (Fig. 1), with only a small number of 
outliers. Age had no additional effects on the prediction model 
(F
change
 [1,115] = 3.38, p = 0.069). 
DISCUSSION
This study analyzed the ability of neuropsychological variables 
to predict emotional regulation in eating and weight-related prob-
lems ranging from AN-restricting type to obesity. We found that 
both patients with ED and patients with obesity showed impair-
ments in decision-making and central coherence compared to 
the HCG, and also that both affect (positive and negative) and 
cognitive variables predict emotional regulation.
When decision-making was analyzed, significant differences 
were found between both ED and OB and the HCG even after 
controlling for age. The analysis of the participants’ performance 
curves revealed that clinical participants (OB, RG and BPG) failed 
to learn what choices they had to make in order to obtain ben-
efits at the end of the task. These results are in line with those 
showing that ED patients make decisions based on immediate 
gains, despite negative long-term consequences (31,32). Pre-
vious research has linked poor decision-making found in obese 
patients to executive functions that regulate one’s ability to inhib-
it short-term rewards (33,34), which could help to explain the 
long-standing pattern of failed weight loss attempts (8). We thus 
add some evidence that weight-related disorders show a tenden-
cy toward poor decision-making based on immediate rewards 
(7,9,32,35,36).
Table II. Neuropsychological variables
RG BPG OBG HCG
Mean SD Mean SD Mean SD Mean SD
WCST
Categories 5.57 1.33 5.44 1.46 4.12 2.47 5.44 1.37
Pers. errors 9.73 8.66 10.33 7.30 18.61 17.07 12.05 10.21
N. errors 20.40 15.74 21.83 17.04 38.64 30.03 22.44 16.65
IGT -3.27 14.72 -5.50 24.63 5.03 20.89 15.54 27.39
GEFT 9.30 4.53 9.06 3.29 7.61 5.59 12.13 4.47
PANAS
PA 28.37† 8.26 27.94† 8.42 31.58 8.00 35.33 5.69
NA 25.63*,† 10.23 30.22*,† 8.87 19.39 8.15 15.87 6.74
DERS 80.07 22.98 89.28 21.06 62.51 20.02 51.79 13.29
RG: restricting group; BPG: bingeing/purging group; OBG: obese group; HCG: healthy comparison group; WCST: Wisconsin Card Sorting Test; TOTAL: total categories 
completed; Pers. errors: perseverative errors; N. errors: number of errors; IGT: Iowa Gambling Task; GEFT: Group Embedded Figures Test; PANAS: Positive and Negative 
Affective Schedule; PA: positive affect; NA: negative affect; DERS: Difficulties in Emotion Regulation Scale. *Relative to OBG. †Relative to HCG.
Table I. Demographic statistics
RG BPG OBG HCG
Mean SD Mean SD Mean SD Mean SD
Age (years) 22.80 8.05 25.50 9.02 45.39 12.35 30.36 11.95
BMI 17.36 1.99 21.46 2.32 41.92 9.69 21.56 1.99
IQ 102.93 7.31 101.94 8.31 105.33 8.62 106.90 9.36
RG: restricting group; BPG: bingeing/purging group; OBG: obese group; HCG: healthy comparison group; BMI: body mass index; IQ: intelligence quotient.
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Central coherence results indicated that both the ED and OB 
groups showed a poor ability to identify correct shapes compared 
to the healthy controls. These data differ in part from studies 
where patients with AN (both subtypes) were found to be more 
efficient on tasks that require an analytic approach (16), but they 
confirm previous results reporting global integration difficulties 
in patients with obesity (7,17). Discrepancies could be explained 
by the use of different tests for central coherence assessment 
(matching familiar figures test, and embedded figures test, 
Rey-Osterrieth complex figure test) for assessing a complex, 
non-unitary construct (15), differences in task administration 
(18), and controlling for variables such as age or IQ and symp-
tomatology subtypes of ED. 
Consistent with previous studies (37-40), we found that both 
ED and OB groups had difficulties in emotion regulation. Howev-
er, our study adds to the literature a relation between executive 
functioning and emotion regulation according to the 51.4% of 
the variance on the DERS accounted for by variables assessing 
positive and negative affect and also decision-making. Consistent 
with the relief component, we found that emotion dysregulation 
was positively associated with negative affect and negatively asso-
ciated with positive affect. It has been reported that there may be 
a link between high food intakes and emotions in individuals with 
obesity as a strategy for releasing negative emotions (41). We 
believe that our study is the first one relating affect and executive 
dysfunction with emotion dysregulation, and also that our results 
are in line with previous studies relating positive affect and emo-
tional eating (42). 
Our results suggest that food-related behaviors directed to 
decreasing negative affect symptoms may be reinforced by an 
inability to inhibit behaviors focused on immediate rewards, thus 
reinforcing a vicious circle that impedes weight loss in individuals 
with obesity and that contributes to maintain weight loss in ED. 
This mechanism, similar for both ED and obesity, would differ in 
the specific behavior used to decreasing negative affect, with 
food intake in individuals with obesity or binge-eating disorders 
and food restriction and purges in purging-type AN. Our results 
support the recommendation of analyzing whether interventions 
focused on decision-making have an impact on psychological and 
physical outcomes in ED and obesity (8).
Some limitations must be stated. We analyzed weight relat-
ed problems in a continuum from AD to obesity, with separate 
restricting and bingeing/purging groups. Thus, our results may 
not be comparable to those from samples labeled as restricting 
AN or binge/purging BN. The administration of cognitive varia-
bles differed slightly from previous studies, which could account 
partially for dissimilarities in results. Our results are only applica-
ble to females with eating disorders, so further research is needed 
to test whether the same pattern applies to male individuals with 
eating disorders. Some of the strengths of this work are the large 
sample, and the use of validated cognitive variables in eating dis-
orders (8,43,44) to predict emotional regulation. However, using 
only one test to measure decision-making lacks sensitivity to iden-
tify which of the cognitive, motivational or response components 
underlies impaired decision-making (43). 
CONCLUSIONS
Emotion regulation in eating disorders and obesity is associated 
with positive and negative affect as well as with decision-mak-
ing, which have important clinical implications. The administration 
of tests and questionnaires measuring cognition and affect can 
help identify females with eating disorders at risk of pathological 
behaviors related to food. Identifying these patients will increase 
the possibility of including them in interventions focused on reduc-
ing eating pathology and increasing quality of life (12).
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